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® Controlled absorption pharmaceutical formulation. 



® A controlled absorption quinidine formulation for oral administration comprises a pellet having a core of 
quintdine or a piiarmaceuticaily acceptable salt thereof in association with an organic acid and optionally other 
excipients, and an outer membrane which permits release of quinidine in an aqueous medium at a controlied 
rate which is sut^stantially pH independent. The pellet has a dissolution rate in vitro , which when measured in a 
Baslcet Assembly according to U.S. Pharmacopoeia XXI at 37**C and 75 r.p.m. is not more than 15% after one 
hour of measurement. Not more than 50% of the total quinidine is release after a total of 4 hours of 
measurement, not more than 80% is released after a total of 8 hours of measurement and not less than 90% 
release is achieved after a total of 24 hours. 
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CONTROLLED ABSORPTION PHARMACEUTICAL FORMULATION 

This invention relates to a controlled absorption pharmaceutical formulation and. In particular, to a 
controlled absorption quinidine formulation which is suitable for once daily adminstration. 

Quinidrne Is a cardiac depressant which reduces cardiac activity by directly depressing the excitability 
of the myocardium and prolonging the refractory period of cardiac muscle, thereby reducing the rate at 
5 which successive contractions take place. 

Quinidine(( + )-a-(6-methoxyquinolin-4-yl)-a-(5-vinylquinuclidin-2-yl)methanol) is nomially used in the 
form of a salt thereof, for example, quinidine gluconate or quinidine sulphate. 

Quinidine sulphate is usually rapidly at>sorbed from the gastro-intestinal tract and peak plasma 
concentrations are reached in about two hours. About 60% of quinidine in the blood is bound to plasma 
10 albumin, Quinidine is almost entirely excreted in the urine; 10-50% is eliminated unchanged within 24 hours 
of a dose being taken. The half-life of quinidine sulphate is found to be about 6.5 hours in normal subjects. 

Quinidex Extentabs (Trade Mark) is a sustained action tablet formulation of quinidine sulphate suitable 
for twice daily administration. To-date no controlled action quinidine formulation exists which is suitable for 
once daily administration and which has a high and invariable absorption profile. 
75 It is an object of the present invention to provide a controlled absorprtion form of quinidine which is 
suitable for once dally administration, which is characterised by a high degree of absorption, which is 
substantially invariable from subject to subject, and by significant plasma levels of quinidine which are 
maintained for an extended period after administration relative to other sustained release forms of the drug. 
Accordingly, the invention provides a controlled absorption quinidine formulation for oral administration, 
20 comprising a pellet having a core of quinidine or a pharmaceutically acceptable salt thereof in association 
with an organic acid, and a membrane of a film-formtng polymer or mixture thereof surrounding the core 
and which permits release of quinidine at a controlled rate In an aqueous medium, said pellet having a 
dissolution rate which is substantially pH independent and which when measured in a Basket Assembly 
according to U.S. Pharmacopoeia XXI at 37 "C and 75 r.p.m. has the following characteristics: 
25 a) from 0 to 15% of the total quinidine is released after one hour of measurement in said assembly; 

b) from 30 to 50%, of the total quinidine is released after four hours of measurement In said 
assembly; 

c) from 55 and 80% of the total quinidine is released after eight hours of measurement in said 
assembly: and 

30 d) not less than 90% of the total quinidine is released after twenty-four hours of measurement in said 

assembly. 

Preferably, the quinidine is in the form of a pharmaceutically acceptable salt thereof. Particularly 
suitable salts include quinidine gluconate, quinidine disulphate or quinidine sulphate. 

The organic acid is preferably represented by one or more of the following acids: adiptc acid, ascorbic 
35 acid, citric add, fumaric add. malic add. succinic add or tartaric add. 

The quinidine component and organic acid are preferably present at a ratio of from 1:1 to 10:1 and 
most preferably at a ratio which permits release of quinidine at a controlled rate in an aqueous medium and 
at which the pellet has a dissolution rate which is substantially pH independent. 

Preferably the core comprises quinidine or a pharmaceutically acceptable salt thereof and the asso- 
40 dated organic acid emt>edded in a polymeric material. The polymeric material may be rapidly soluble in 
water or, altematively. may be freely permeable to quinidine and water. 

The polymeric material may consist solely of a water soluble polymer or a polymer which is freely 
permeable to quinidine and water. AHematively. the polymeric material of the core may include a minor 
proportion of a water insoluble polymer or a polymer which is slightly permeable to quinidine and water. 
45 The ratio of water soluble/freely permeable to water insoluble/slightly permeable polymer is determined by 
the particular combination of polymers selected. 

The water soluble polymer is suitably hydroxypropylmethylceltulose or polyvinylpyrrolidone. A suitable 
polymer which is freely permeable to quinidine and water is a polymer sold under the Trade Marie Eudragit 
RL 

50 The water insoluble polymer is suit^ly a cellulose ether such as methyl*, ethyl-or propylceliulose or 
shellac. A suitable polymer which is slightly permeable to quinidine and water is a polymer sold under the 
trade Mark Eudragit RS. 

Eudragit polymers are polymeric lacquer substances based on acrylate and/or methacrylate. 
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Polymeric materials sold under the Trade Marks EUDRAGIT RL and RS are acrylic resins comprising 
copolymers of acrylic and methacrylic acid esters with a low content of quaternary ammonium groups and 
are described in the "EUDRAGIT" brochure of Messrs. Rohm and Haas (1985) wherein detailed physical- 
chemical data of these products is given. The ammonium groups are present as salts and give rise to the 
6 permeability of the lacquer films. EUDRAGIT RL and RS are freely permeable (RL) or slightly penmeable - 
(RS). respectively, independent of pH. 

The core suitably has between 100 and 200 layers and is built up in a manner known figr sg. 

Preferably, the multi-layer arrangement of quinidine, organic acid and polymeric material is built up on a 
central inert core suitably consisting of a non-pareil seed of sugar or starch having an average diameter in 
10 the range 0.3-3.7mm, especially 0.4-0.5mm, in a conventional coating pan or using an automatic coating 
system such as a Freund CF granulator. 

The core may also include other components. such as a lubricant, a dispersing agent or a surfactant. A 
suitable lubricant is talc and a suitable surfactant is sodium iaury! sulphate. 

The quinidine or salt thereof, organic acid and optionally other components such as a lubricant are 
75 blended to form a homogeneous* powder. The blend is suitably passed through a No. 100 mesh screen 
using a milling machine. Alternate layers of a coating solution/suspension of the polymeric material and the 
powder are applied to the central inert core so as to build up the multi-layer arrangement of the active core. 
The coating solution/suspension of the polymeric material comprises one or more polymers dissolved/ 
suspended in a suitable solvent or mixture of solvents. The concentration of the polymeric material in the 
20 coating solution/suspension is determined by the viscosity of the final solution. A suitable plasticiser such as 
diethylphthatate may be added to the coating solution. Especially preferred coating solutions/suspensions 
include: 

a) 7 to 10 parts by volume 10% hydroxypropytmethylcellulose in methanol/methylerte chloride 60/40 
and . ^ 

25 0 to 3 parts by volume 10% ethylcellulose in methanol/methylene chtoride 60/40; 

b) 6 to 10 parts by volume 5% Eudragit RL in isopropanol/acetone 60/40 

and 

0 to 4 parts by volume 5% Eudragit RS in isopropanol/acetone 60/40; and 

c) 7 to 10 parts by volume 10% polyvinylpyrrolidone in isopropanol or ethanol 

30 and 

0 to 3 parts by volume 17.5% shellac in ethanol. 

In an automatic coating system, the powders and the solution/suspension are applied separately but 
simultaneously in conventional manner. 

The membrane of the film-forming polymer or mixture of polymers surrounding the core preferably has 
35 a major proportion of a water insoluble polymer and a minor proportion of a water soluble polymer, the ratio 
of water insoluble to water soluble polymer being determined by the inherent solubility characteristics of the 
polymers selected. 

Suitable combinations of water insoluble and water soluble polymers for the membrane include: 
ethylcellulose and hydroxypropylmethylcellulose in a ratio of from 8:0.25 to 9.75:2; and shellac and 

40 polyvinylpyrrolidone in a ratio of from 7.5:0.25 to 9.75:2.5. 

The membrane may also be composed of a major proportion of a non-porous polymer and a minor 
proportion of a porous polymer, the ratio of non-porous to porous polymer being detenmined by the inherent 
porosity of the respective polymers. 

The membrane may further be composed of a major proportion of a polymer which is slightly 

45 permeable to quinidine and water and a minor proportion of a polymer which is freely penmeable to 
quinidine and water the ratio of slightly permeable to freely permeable polymer being detenmined by the 
Inherent permeability of the respective polymers. A suitable combination of a polymer which is slightly 
permeable to quinidine and water and a polymer which is freely permeable to quinidine and water is 
EUDRAGIT RS and EUDRAGIT RL in a ratio of from 7.5K).5 to 9.5:2.5. 

50 The membrane is built up by applying a plurality of coats of membrane polymer solution or suspension 
to the core as hereinafter descril)ed. The membrane solution or suspension contains the polymer(s) 
dissolved or suspended, respectively, In a suitable solvent or mixture of solvents, optionally in the presence 
of a lubricant. Suitable lubricants are talc, stearic acid and magnesium stearate. Preferably the number of 
coats of membrane solution or suspension applied is between 8 and 30 coats. Further, preferably. 2-25 ml 

55 of membrane solution or suspension is applied per kilogram of cores. The membrane solution or 
suspension may include a suitable plasticiser. such as diethylphthalate. 
Especially preferred membrane suspensions include 
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a) 0.25 to 2 parts by volume 5% hydroxypropylmethylcellulose in methanol/methylene chloride 60/40. 
8 to 9.75 parts by volume 5% ethylcellulose in the same solvent, and 

5 parts by weight talc. 

b) 0.5 to 2.5 parts by volume 2.5% Eudragft RL In isopropanol acetone 60/40. 
5 7.5 to 9.5 parts by volume 2.5% Eudragft RS in the same solvent, and 

5 parts by weight talc. 

c) 0.25 to 2.5 parts by volume 7.5% polyvinylpyrrolidone in isopropanol or ethanol. 
7.5 to 9.75 parts by volume 17.6% Shellac in ethanol. and 

5 parts by weight talc. 
10 The pellets when prepared may be filled into hard or soft gelatine capsules. 

The pellets may also be compressed Into tablets using a binder and/or hardening agent commonly 
employed in tableting such as microcrystalline cellulose sold under the Trade Mark Avicel or a co- 
crystallised sucrose and modified dextrin powder containing 97% by weight sucrose and 3% by weight 
modified dextrin sold under the Trade Mark "DI-PAC", in such a way that the specific dissolution rate of the 
IS pellets is maintained. 

The invention will be further illustrated by the following Examples. 



EXAMPLE 1 

20 

Quinidine sulphate (40 kg) and fumaric acid (12 kg) were blended and passed through a No. 100 mesh 
screen using a conventional milling machine. 

A polymer solution was prepared containing 9 parts by volume 10% polyvinylpyrrolidone in isopropanol 
and 1 part by volume 17.5% Shellac in ethanol. 
25 Starch/sugar seeds (0.4 to 0.5mm diameter) (4 kg) were placed In a standard coating pan and rotation 
commenced. 

The seeds were wetted with sufficient polymer solution to dampen them thoroughly and then an amount 
of the powder blend was dusted on until no more adhered. This step was repeated until all of the powder 
blend had been applied. The coated seeds were allowed to dry after each application. When all of the 
30 powder blend had been applied the coated seeds were dried at 40-60'>C until all of the solvent had been 
driven off. 

A membrane suspension was prepared from the following components: 
0,5 parts by volume 1 0% polyvinylpyrrolidone in isopropanol, 
9.5 parts by volume 17.5% Shellac in ethanol. and 
35 5 parts by weight talc. 

Eighteen "coats** of the membrane suspension were applied to the coated seeds prepared atx>ve and 
which define the active core of the pellets being prepared. The membrane suspension was applied to the 
coated seeds in the coating pan thereby forming pellets, each coat applied amounting to 10 ml of 
suspension per kg of coated seeds. After each coat had been applied the coated seeds were air dried in 
40 the coating pan. 

After the final coat had fc^een applied the pellets were dried at 40-60 ''C to evaporate all traces of 
solvent 

The finished pellets were then subjected to a dissolution test as follows: 
Apparatus: Basket Assembly described in U.S.P. XXI at 37"C and 75 r.p.m. 
45 Medium : Water 

Method : 1 g of pellets was placed in each basket. The test was commenced and 1 ml samples withdrawn at 
intervals of 1 hour up to 12 hours and then at 24 hours. The sample was diluted to 50 ml with 0.1 N 
hydrochloric acid and the absorbance read in a spectrophotometer. The absorbance value equivalent to 
100% dissolution was determined by dissolving 100 mg in sufficient 0.1 N hydrochloric add to make 100 
50 ml. diluting 1 ml to 50 ml with the same solvent and then reading the absorbance. 

The percentage dissolution was calculated by dividing the sample absorbance reading by the 100% 
absorbance reading. 

The dissolution test was carried out using solutions of pH 1.5. 3.0. 6.0 and 7.5 to detennine the degree 
of pH dependence. The results are shown in Table 1. A graphic representation of the results is indicated in 
55 Fig 1 . 
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In a comparison study dissolution tests were carried out on a commercially available sustained action 
formulation of quintdine sulphate viz Quinidex Extentabs (Quinidex Extentabs is a Trade Mark of A.H. 
Robins & Co. Inc.). The dissolution results for the reference tablets are given in Table 2 and Fig. 2 of the 
accompanying drawings. 
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EXAMPLE 2 

Quinidine sulphate (40 kg) and succinic acid (10 kg) were blended and mflled through a No. 100 mesh 
screen. The milled blend was applied to starch/sugar seeds (0.4-0.5mm diameter) (4 kg) using 8 parts by 
6 volume 5% Eudragit RL and 2 parts by volume 5% Eudragit RS in isopropanol/acetone 60/40 as the coating 
solution, following the procedure described in Example 1. 

The coated seeds were surrounded by a membrane by applying 18 coats of a suspension consisting of: 
1 part by volume 2.5% Eudragit RL. 
9 parts by volume 2.5% Eudragit RS. and 
10 5 parts fay weight talc. 

The membrane was applied following the procedure set forth in Example 1 . 

The dissolution rate of the pellets was measured according to the procedure set forth in Example 1. 
Again the dissolution test was carried out using solutions of pH 1.5. 3.0. 6.0 and 7.5 to determine the 
degree of pH dependence. The results are given in Table 3. A graphic representation of the results is 
75 Shown In Fig. 3 of the accompanying drawings. 
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EXAMPLE 3 

Pellets prepared according to Example 1 were filled directed into hard gelatine capsules without the 
addition of any extra ingredients so as to obtain capsules containing 300 mg of quinidine sulphate. 
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EXAMPLE 4 

Pellets prepared according to Example 2 were filled directly into hard gelatin capsules without the 
addition of any extra ingredients so as to obtain capsules containing 600 mg of quinidine sulphate. 

BIOAVAILABILITY DATA 



Rg. 4 is a graph of plasma levels (ug/ml) versus time after administration (hours) for a single dose - 
70 <300mg) of quinidine sulphate in capsule form prepared in Example 3 (A) compared with a single dose (300 
mg) of Quinidex Extentabs (Quinidex Extentabs is a Trade Mark of A.H. Robins & Co. Inc.,) tablets (B). The 
graphs of Rg. 4 were drawn from the mean values obtained for 6 subjects according to the data listed In 
Tables 4 and 5. 
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Rg. 5 is a graph of plasma levels (ng/ml) versus tim e after administration (hours) for a single dose (600 
mg) of quinidine sulphate capsules prepared according to Example 4 (A) compared with a single dose (300 
mg) of Quinidex Extentabs tablets (B). The graphs of Frg. 5 are drawn from the mean values obtained for 
six subjects according to the data listed in Tables 6 and 7. 
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Fig. 6 is a graph of percentage dissolution versus time. Curve B shows the maximunn percentage 
dissolution per unit time and curve A the minimum percentage dissolution per unit time permissible to 
achieve the desired plasma concentration. The graphs of Fig. 6 were drawn from the mean values obtained 
for one subject. 

5 The controlled absorption quinidine sulphate according to the invention at single-doses of 300 mg - 
. (Example 3) and 600 mg (Example 4) had an equivalent or superior plasma level AUC (10.8 and 14.6 ug « 
h/ml. respectively) compared with the reference, Quinidex Extentabs (7.5 and 15.6 u. g " h/ml, for single- 
dose and double-dose, respectively). 

The controlled absorption quinidine sulphate capsules of Examples 3 and 4 showed peak plasma levels 
10 similar (0.55 and 0.84 ug/ml. respectively) to those of Quinidex Extentabs (0.54 and 0.70 ng/ml. for single- 
dose and double-dose, respectively). Whereas the Quinidex Extentabs showed peak plasma levels at 2.8 
hours, the controlled absorption quinidine sulphate capsules of Examples 3 and 4 resulted in delayed peak 
plasma levels at 7.33 hours. 

In terms of variability, the quinidine sulphate capsules of Examples 3 and 4 were similar to Quinidex 
T5 Extentabs used as reference as shown by the CV % figures in Tables 4. 5, 6 and 7. 

The results of the bioavailability studies show that the controlled absorption quinidine formulation 
according to the invention is an effective once daily form of quinidine. as demonstrated by good 
bioavailability, delayed peaking time and prolonged effective plasma levels through to 24 hours after 
administration. 
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1 . A controlled absorption quinidine formulation for oral administration, comprising a pellet having a core 
of an active ingredient in association with an organic acid, and a membrane of a film-forming polymer or 
mixture thereof which permits release of the active ingredient at a controlled rate in an aqueous medium, 
characterised in that the active ingredient Is quinidine or a pharmaceutically acceptable salt thereof and in 
that said pellet has a dissolution rate which is substantially pH independent and which when measured in a 
Basket Assembly according to U.S. Phamnacopoeia XXI at 37*C and 75 r.p.m has the following, characteris- 
tics: 

a) from 0 to 15% of the total quinidine is released after one hour of measurement in said assembly; 

b) from 30 to 50% of the total quinidine is released after four hours of measurement In said 
assembly; 

c) from 55 to 80% of the total quinidine is released after eight hours of measurement in said 
assembly; and 

d) not less than 90% of the total quinidine is released after twenty-four hours of measurement in said 
assembly. 
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2. A formulation according to Claim 1 , wherein the organic acid Is selected from one or more of the 
following acids: adipic acid, ascorbic acid, citric acid, fumaric acid, malic acid, succinic acid or tartaric acid, 
the quinidine or pharmaceutically acceptable salt thereof and organic acid being present in a ratio of from 
1:1 to 10:1. 

s 3. A formulation according to Claim 1 or 2. characterised in that the core comprises quinidine or a 
pharmaceutically acceptable salt thereof, preferably quinidine sulphate, and ^e associated organic add 
embedded in a polymeric material, the core preferably including one or more additional components 
selected from a lubricant, a dispersing agent and a surfactant 

4. A formulation according to Claim 3, characterised in that the polymeric material in which the 
10 quinidine or pharmaceuticatiy acceptable salt thereof is embedded is rapidly soluble in water, preferably 

hydroxypropyimethylceilulose or polyvinylpyrrolidone, or. alternatively, is freely permeable to quinidine and 
water and preferably comprises a copolymer of acrylic and metiiacrylic acid esters. 

5. A formulation according to Claim 4, wherein the polymeric material Includes a minor proportion of a 
water insoluble polymer, preferably methylcellutose, ethylcellulose, propylcellulose or shellac, or alter- 

75 natively, a polymer which is slightly permeable to quinidine and water and preferably comprises a 
copolymer of acrylic and methacrylic acid esters. 

6. A formulation according to any one of Claims 3 to 5, wherein the quinidine, organic acid and 
polymeric material are built up on an inert core, said inert core preferably comprising a non-pareit seed 
having an average diameter of from 0.3 to 0.7 mm. 

20 7. A formulation according to any preceding claim, wherein the membrane has a major proportion of a 
water insoluble polymer, which is preferably shellac or ethylcellulose, and a minor proportion of a water 
soluble polymer, which is preferably polyvinylpyrrolidone or hydroxypropyimethylceilulose, the ratio of water 
insoluble to water soluble polymer being determined by the. inherent solubility characteristics of the 
respective polymers. 

25 8. A pellet formulation according to any one of Claims 1 to 6, wherein the membrane is composed of a 
major proportion of a polymer which is slightly permeable to quinidine and water and a minor proportion of 
a polymer which is freely permeable to quinidine and water, the ratio of slightly permeable to freely 
permeable polymer being determined by the inherent permeability of the respective polymers, and each of 
the slightiy permeable and freely permeable polymers preferably comprises a copolymer of acrylic and 

30 methacryiic acid esters having the desired permeability characteristics. 

9. A process for the production of a pellet formulation according to any one of Claims 1-8, which 
comprises forming a core of quinidine or a pharmaceutically acceptable salt thereof and an organic acid 
and enclosing the core in a membrane of a film-forming polymer or mixture thereof which permits release 
of the quinidine or the pharmaceutically acceptable salt thereof in the manner set out in Claim 1 . 

35 10. A capsule or tablet characterised in that it comprises pellets according to any one of Claims 1 to 8. 
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